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Suggested for the strategy discussions:

Cross-canonical collaboration needed!



Recently, several important articles published 
about aerosol impacts, properties, data available



Recently, several important articles published 
about aerosol impacts, properties, data available



Studies within ALADIN-HIRLAM limited area 
system have been reported, focusing on the 

radiative impacts of aerosols and aerosol data

Atmosphere 2020, 11, 205; doi:10.3390/atmos11020205

http://www.umr-cnrm.fr/aladin/IMG/pdf/
martin-perez\_asm2018\_toulouse.pdf

http://www.umr-cnrm.fr/aladin/IMG/pdf/
martin\_daniel\_aemet\_asm2019\_ma
drid\_3.pdf

Daniel Martin: Update of the Use of CAMS 
aerosols in HARMONIE-AROME, asm2020

http://www.umr-cnrm.fr/aladin/IMG/pdf/martin-perez%5C_asm2018%5C_toulouse.pdf
http://www.umr-cnrm.fr/aladin/IMG/pdf/martin-perez%5C_asm2018%5C_toulouse.pdf
http://www.umr-cnrm.fr/aladin/IMG/pdf/martin%5C_daniel%5C_aemet%5C_asm2019%5C_madrid%5C_3.pdf
http://www.umr-cnrm.fr/aladin/IMG/pdf/martin%5C_daniel%5C_aemet%5C_asm2019%5C_madrid%5C_3.pdf
http://www.umr-cnrm.fr/aladin/IMG/pdf/martin%5C_daniel%5C_aemet%5C_asm2019%5C_madrid%5C_3.pdf


Parametrization of microphysics and optical properties

   Solid, liquid precipitation        Solar, terrestrial radiation
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Shown in 
ASW19:



  

Contents

Introduction

Renewal of aerosol input for 
HARMONIE-AROME

Sensitivity of radiation parametrizations

Aeropilot

Conclusions



  

 Renewal of the IOPs and MMRs for the 
limited-area ALADIN-HIRLAM NWP system

Obtain the predefined IOPs for 30 wavelenghts (from ECMWF) 

Obtain the vertically integrated (2D) climatological 
or 3D near-real-time MMRs (from ECMWF/CAMS)

For 2D climatology, apply the prescribed vertical distributions → 3D MMRs

Combine 3D MMRs and prognostic humidity fields 
at each time step, gridpoint and level 

with the prescribed IOPs to obtain 
AOD, SSA and ASY of the aerosol mixture  

Renew the 3 radiation schemes to use these fields for calculation 
of the aerosol transmission at each gridpoint and level 

done for hlradia only

Aerosol IOP=inherent optical properties  MMR=mass mixing ratio



  

Advantages of this approach

1) Use of near-real time observation-based external aerosol data
 is optimal for regional NWP models 

2) The same aerosol input applies for any radiation scheme

3) No need to know the optical properties for
different aerosol species inside the radiation schemes

4) Aerosol MMRs might be used by the
cloud-precipitation microphysics

5) The same approach is applicable for the use of 
real-time and climatological aerosol 
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Diagnostic MUSC single-column experiments to 
study sensitivity of radiation to aerosol input

+ no time-stepping - no clouds – passive surface
+ real-time and climatological aerosol data extracted 

from 3D HARMONIE-AROME experiment output
+ new MMRs & IOPs for aerosol mixture introduced only to HLRADIA



  

Example: temperature tendency due to SW 
radiation with zero aerosol and AOD550 input

Figure details c.f. Atmosphere 2020, 11, 205; doi:10.3390/atmos11020205

zero

2D clim 
AOD550

2D n.r.t. 
AOD550

3D n.r.t. 
optiprop
for the 
mixture



  

Another example: temperature tendency due to 
SW radiation AOD550 v.s. new MMR & IOP

Figure details c.f. Atmosphere 2020, 11, 205; doi:10.3390/atmos11020205



  

Cloud v.s. aerosol impact to radiation fluxes 
– a trial with prognostic MUSC 
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Figure details c.f. Gleeson et al.: HARMONIE-AROME Single-column Tools and Experiments. 
Submitted to Adv.Sci.Res, 2020
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What to do
Study the influence of atmospheric aerosol 

on meso-scale weather forecast 
in the framework of HARMONIE

● Potential importance of aerosol effects on NWP
● Starting point for learning and understanding

 in the HARMONIE framework
● To be suggested to HIRLAM-ALADIN work plan 2012

MUSCATEN Summer school 2011
OSENU, Odessa, 3-9 July 2011

 
Looking back to the starting point: 
summer school in Odessa, 2011



  

https://sci-hub.tw/10.1016/j.atmosres.2015.08.001
https://sci-hub.tw/10.1016/j.atmosres.2014.11.018
https://sci-hub.tw/10.1016/j.atmosres.2014.10.011

https://sci-hub.tw/10.1016/j.atmosres.2016.01.003

Some early references to HARMONIE-
related aerosol publications:



  
 Merci pour votre attention / Hvala za vašo pozornost!

Odessa, Potemkin stairs 2011



  

Merci pour votre attention / Hvala za vašo pozornost!

Wildfires on the main road from east to Havana, Cuba, 15.3.2020. Photo LR



Parametrization of the radiative transfer

Solar (SW) radiation: scattering and absorption 
Terrestrial (LW) radiation: emission, absoption, scattering

In the air:
Gas molecules

Cloud droplets and crystals
Aerosol particles

Optical properties:
Optical depth

Single scattering albedo
Asymmetry factor 

Physico-chemical properties:
Mass concentration 

Size 
Shape

Composition

Grid-scale variables: 
T, qv, qi, ql, qs, qg

Aerosol (concentration) 
Radiative fluxes

Surface-atmosphere radiative interactions 

Characteristics of surface types
Surface elevation

Surface albedo and emissivity
Orographic radiation effects



       

Aerosol data 
are available
from CAMS

Climatology and near-
real-time 

Mass concentration
(x,y,z)

Inherent optical 
properties:

mass extinction, single 
scattering albedo, 

asymmetry factor as 
functions of 

wavelength and 
aerosol species 



  

CAMS climatological or real-time 2D/3D 
mass mixing ratio of 11 aerosol categories 

!SS1,SS2,SS3,DD1,DD2,DD3,OM1,OM2,BC1,SU
!CLSUF(1)='AEROMMR.SS1   ' Sea salt (RH, wavelength) size bin 1 
!CLSUF(2)='AEROMMR.SS2   '  (hydrophilic)                     size bin 2
!CLSUF(3)='AEROMMR.SS3   '                                           size bin 3
!CLSUF(4)='AEROMMR.DD1  ' Desert dust (two flavours, wavelength) size bin 1
!CLSUF(5)='AEROMMR.DD2  '  (hydrophobic)                   size bin 2
!CLSUF(5)='AEROMMR.DD3  '                                           size bin 3
!CLSUF(7)='AEROMMR.OM1  ' Organic matter hydrophilic (RH, wavelength)
!CLSUF(8)='AEROMMR.OM2  '                          hydrophobic (wavelenght)
!CLSUF(9)= 'AEROMMR.BC1  ' Black Carbon hydrophilic (RH,wavelength)
!CLSUF(10)='AEROMMR.BC2 '                       hydrophobic (wavelenght)
!CLSUF(11)='AEROMMR.SUL ' Tropospheric sulphates (RH, wavelenght)

                     (hydrophilic)

ALSO AVAILABLE:
based on C-IFS forecasts that

include data assimilation

See the radiation poster for an
Iberian dust case example!



 

Aerosol optical properties 
prescribed by ECMWF

Assumptions for 11 aerosol species: 

● Spherical particles
● Log-normal size number distribution

● Prescribed refractive index and 
density of particles, depending on humidity

Mie scattering calculations →
 

Inherent optical properties of 11 aerosol types 
for 14+16 RRTM wavelengths

ME  mass extinction coefficient  - AOD = ME * MMR
SSA single scattering albedo – scattering/absorption

ASY asymmetry factor – direction of scattering

Bozzo, A., Remy, S.,Benedetti, A., Flemming, J., Bechtold, P., Rodwell, M. J.,Morcrette, J.-J.: Implementation of a CAMS-based 
aerosol climatology in the IFS, ECMWF Technical Memorandum, 801 2017



 

Bozzo, A., Remy, S.,Benedetti, A., Flemming, J., Bechtold, P., Rodwell, M. J.,Morcrette, J.-J.: Implementation of a CAMS-based 
aerosol climatology in the IFS, ECMWF Technical Memorandum, 801 2017

ME

SSA

ASY

desert dust, black carbon                 sulphate, organic, sea salt



  

Aerosol IOP* data available
           
   SW [nm]        LW [µm]
  3846 – 12195 28.57 – 1000.00       
   3077 -  3846       20.00 - 28.57  
   2500 -  3077      15.87 - 20.00  
   2151 -  2500      14.29 - 15.87  
   1942 -  2151      12.20 - 14.29  
   1626 -  1942      10.20 - 12.20  
   1299 -  1626         9.26 - 10.20  
   1242 -  1299         8.47 -  9.26  
    778 - 1242         7.19 -  8.47  
    625 -  778          6.76 -  7.19  
    442 -  625          5.56 -  6.76  
    345 -  442          4.81 -  5.56  
    263 -  345          4.44 -  4.81  
    200 -  263          4.20 -  4.44  

        3.85 -  4.20  
        3.08 -  3.85 

Solar radiation flux at 6 spectral 
intervals of IFS scheme

0.185 – 0.25 – 0.44 – 0.69 – 1.19 – 2.38 – 4.00 μm
    0 %   11 %   38 %   35 %  15 %  0.4 %

Terrestrial radiation flux is calculated
at 16 spectral intervals of the 

RRTM (IFS) scheme
- but presently only AOD of 

6 LW bands is used

Broadband IOP’s needed for ACRANEB, HLRADIA  

Aerosol optics
Default radiation 
parametrizations in
HARMONIE-AROME:

* IOP = inherent optical properties:
mass extinction, asymmetry, 

single-scattering albedo



  

Climate generation: 
Read 2D monthly aerosol MMR fields and write to m-climate files

 or
Boundary preparation:

Obtain 3D near-real-time MMR fields via horizontal boundaries

Setup: 
Read aerosol optical properties from RADAIOP ascii file

into ME, SSA, ASY run-time arrays

Every time step: 
(Vertical structure of MMRs for climatology)

Combination of IOPs with MMRs and humidity
→ 3D optical properties depending on (wavelength, klon, klev) 

for input to radiation schemes
Radiative transfer calculations

Practical steps within the forecast



  

src/arpifs/
├── c9xx
│   └── incli0.F90
├── climate
│   └── updcli.F90
├── control
│   └── cprep1.F90
├── fullpos
│   ├── fpiniphy.F90
│   ├── hpos.F90
│   ├── sufprfpds.F90
│   └── sufptr2.F90
├── module
│   ├── surface_fields_mix.F90

├── module
│   ├── surface_fields_mix.F90
│   ├── yoaiop.F90
│   ├── yoerad.F90
│   ├── yomafn.F90
│   ├── yomlun.F90
│   └── yomphy.F90
├── namelist
│   ├── namafn.nam.h
|     |------namcli.nam.h
│   └── namphy.nam.h
│   ├── suaersn.F90
│   └── suecrad.F90
└── setup
    ├── su0phy.F90
    ├── suafn1.F90
    ├── suafn2.F90
    ├── suafn3.F90
    ├── suaiop.F90
    └── su_surf_flds.F90

src/aladin
└── c9xx
    ├── ebicli.F90
    └── eincli9.F90

├── phys_dmn
│   ├── apl_arome.F90
│   ├── aplpar.F90
│   └── mf_phys.F90
├── phys_radi
│   ├── aeropt.F90
│   ├── aero_rt6.F90
│   ├── radaer.F90
│   ├── suaersn.F90
│   └── suecrad.F90

Data from Alessio →HIRLAM-ALADIN climate/prescribed

MMRclim_gbst_2003-2011.nc → mmr.cams.m01_GL 
macc_opt_43R1.nc → const/rrtm_const/RADAIOP

Later: 

ecrad
acraneb2
hlradia
- modifications of 
  several subroutines
  to use new aerosol IOPs

3D real-time aerosol for 
radiation and 

cloud microphysics

Data directly from CAMS
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